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The purpose of this thesis was to systematically review trials of clinical decision 
support interventions with the potential to reduce inpatient costs, so as to identify 
promising interventions for more widespread implementation and to inform future 
research in this area. MEDLINE was searched up to September 2012, and relevant 
studies were identified using titles and abstracts. Full text articles were reviewed to make 
a final determination on inclusion.  Relevant characteristics of the studies were extracted 
and summarized. Following a screening of 6,978 articles, 60 manuscripts were included. 
The majority of manuscripts were published during or after 2007. 63.3% of studies were 
pre-post comparisons, and 13.3% were randomized controlled trials.  56.7% of the studies 
were focused on pharmacotherapy. 71.7% of the studies resulted in statistically and 
clinically significant improvements in an explicit financial measure or a proxy financial 
measure. Only 15% of the studies directly measured the financial impact of an 
intervention, whereas the financial impact was inferred in the remainder of studies.  Data 
on cost-effectiveness were available for only one study. Given these results, it is apparent 
that further research is needed on the cost impact and cost effectiveness of CDS in the 
inpatient setting.  
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Healthcare costs are increasing rapidly and at an unsustainable rate in many 
countries. In the United States, inpatient care is the single largest contributor to national 
health expenditures, accounting for 31.5% of $2.7 trillion dollars of health expenditures 
in 2011 [1]. As such, inpatient care is a significant driver of increased health spending. In 
2011, the annual spending on hospital care in the U.S. grew 4.3% as compared to 3.9% 
growth in overall health expenditures [1]. Contributing to the importance of addressing 
inpatient costs is the fact that reducing these costs has the potential to financially benefit 
inpatient healthcare organizations regardless of reimbursement models. Traditional 
episode-of-care payment systems (for example, Medicare's inpatient prospective payment 
system), bundled payments systems, and comprehensive payment systems (embodied in 
accountable care organizations) are all examples of reimbursement models under which 
healthcare organizations stand to benefit from reducing inpatient costs [2].  
Clinical decision support (CDS) represents a promising approach to both 
improving outcomes and decreasing costs [3].  Several past systematic reviews have 
examined outcomes related to clinical decision support systems in the inpatient setting, 
but few have focused on the impact of CDS on inpatient costs specifically [4-9].  One 
review published in 2006 evaluated cost as an outcome [10]. However, this review was 
focused on health information technology (IT) in general rather than CDS specifically.  




recent review on CDS included cost outcomes but was limited to studies with a 
randomized trial design [11]. The design and timing of these two reviews potentially 
excluded relevant CDS intervention trials. In particular, nonrandomized research designs 
are commonly used to evaluate CDS interventions. 
Given the importance of limiting the growth of inpatient costs and the potential 
benefit of CDS, we sought to (i) inclusively identify promising interventions that could 
serve as models for more widespread implementation and to (ii) identify gaps in the 
literature warranting further research. As such, we systematically reviewed both 
randomized and nonrandomized trials of CDS systems with the potential to reduce 






Using a search strategy adapted from a previous systematic review [7], we 
searched MEDLINE through September 24, 2012. The latest search was performed on 
that date.  We used a combination of the following search terms: decision support systems, 
clinical; decision-making, computer-assisted; reminder systems; guideline adherence; 
and medical informatics. Details of the search strategy are available in the Appendix. 
Search results were limited to human subjects and the English language. 
Inclusion and Exclusion Criteria 
We defined a CDS system as a system designed to directly aid in clinical decision 
making, in which characteristics of individual patients are matched to a knowledge base 
for the purpose of presenting patient-specific assessments or recommendations to 
clinicians [4]. Inclusion criteria were as follows: peer-reviewed primary manuscript; 
clinical trial of a CDS system in an inpatient or ED setting; and use of either cost or a 
proxy measure for cost (e.g., length of stay) as an outcome metric. Exclusion criteria 
were as follows: study not in English; or use of CDS in the control group. 
Study Selection 
Titles and abstracts from retrieved references were reviewed to determine 




eligible were then reviewed. Final inclusion determinations were made using the full 
texts. In cases where a study’s inclusion status was unclear upon review by the primary 
reviewer, the authors jointly reviewed the study and made a consensus decision. 
Data Extraction 
For each article that met inclusion criteria, data were extracted on setting, trial 
design, intervention, and trial results.  Abstracted trial results included outcomes with 
potential cost-saving implications, whether costs were directly measured, whether there 
was a statistically and clinically significant improvement in cost or in a proxy measure, 
and whether the study could be considered a cost-effectiveness study. Specifically, 
measures with potential cost-saving implications consisted of direct cost measures or 
other proxy measures with cost ramifications. Proxy cost measures included length of 
stay, adverse events, and process measures correlated with adverse events.  Clinical 
significance of results was determined by author consensus. To be considered a cost 
effectiveness study, the study must have accounted at least for the personnel costs 
included in developing and deploying the intervention. For commercial CDS systems, at 
least the cost of licensing the software must also have been considered. 
Data Analysis 
Extracted data were analyzed and presented in table form and narrative summary. 
Additionally, significant themes, trends, and patterns were noted and discussed. 
  
 
RESULTS AND DISCUSSION 
The literature search returned a total of 6,978 unique references. 6,855 references 
were excluded after screening of titles and abstracts. We reviewed 123 full-text articles, 
of which 60 [12-71] met criteria for inclusion in the review (see Figure 1).  
Characteristics of these studies are summarized in Table 1. 
Study Timing 
A majority (55%) of studies were published during or after 2007 [39-71]. The 
earliest included study was published in 1989 [12]. This high concentration of studies 
published between 2007 and 2012 represents large recent growth in the evaluation of 
inpatient CDS systems and is consistent with increasing adoption of health IT generally. 
Study Designs 
Almost all (86.7%) [12-19, 21-23, 25-33, 35, 36, 38, 39, 41-43, 45-59, 61-63, 65-
71] of the studies were quasi-experimental trials (i.e., studies that aim to evaluate 
interventions but that do not use randomization [72]).  Overall, the most common design 
used in the studies was a pre-post comparison, wherein researchers used historical 
controls prior to the implementation of an intervention.  Of the 60 studies, 40 (66.7%) 




46-59, 61-63, 66-68, 70, 71]. Only eight (13.3%) of the studies were randomized 
controlled trials [20, 24, 34, 37, 40, 44, 60, 64].  
The frequent use of quasi-experimental designs in medical informatics 
evaluations has been noted previously [72, 73], and the results of this review are 
consistent. Given the overwhelming prevalence of quasi-experimental designs, reviews of 
CDS systems that only include RCTs are bound to exclude a large portion of the 
published literature. With respect to this systematic review, a deliberate decision was 
made to include quasi-experimental studies, as one of the primary goals of this study was 
to develop a comprehensive catalog of CDS interventions that have the potential for 
reducing inpatient costs.  At the same time, the inclusion of quasi-experimental study 
designs may have resulted in the inclusion of studies that are more subject to bias than 
RCTs. 
Study Quality 
Given that the stated goals of this review are exploratory in nature, we opted not 
to perform a meta-analysis of the extracted data. Moreover, because we chose to be 
inclusive in study selection, the studies in the review were heterogeneous in terms of 
interventions, outcomes, and study design. Additionally, the actual number of studies that 
included explicit economic data was very small. These factors limit the extent to which a 
meaningful synthesis of data might be obtained from meta-analysis techniques. 
However, under different circumstances if a meta-analysis were performed, it 
would be customary to evaluate the quality of the included studies to provide an 
indication as to the validity of aggregate conclusions. In a review where the study designs 




evaluation of quality difficult. One factor is the number of different types of trial designs 
that fall under the quasi-experimental category. Within the domain of medical informatics, 
one review identified eleven different quasi-experimental trial designs [72]. These 
designs fell under the following broad categories: (a) quasi-experimental designs without 
control groups, (b) quasi-experimental designs that use a control group but no pretest, (c) 
quasi-experimental designs that use control groups and pretests, and (d) interrupted time-
series designs [72]. Presumably, different trial designs increase the difficulty of the 
evaluation process. Notably, the Cochrane Collaboration recommends that systematic 
reviews that include nonrandomized studies employ a dedicated methodologist to assist 
in the evaluation of bias within studies due to the difficulty of addressing multiple study 
designs [74].  
A second factor potentially hindering this evaluation is the lack of widely 
accepted quality assessment tools for evaluation of nonrandomized intervention studies. 
One systematic review on this topic identified 194 tools that have been used to assess the 
quality of nonrandomized intervention studies [75]. However, the authors of this review 
concluded that only 6 of these tools were appropriate for use in systematic reviews and 
that most of these tools would benefit from further modification. If we were to perform a 
quality analysis in the current review, an appropriate tool might be the Quality 
Assessment Tool for Quantitative Studies [76]. This tool was initially developed for 
evaluation of studies in the public health domain where nonrandomized study designs are 
commonly used. The tool evaluates 6 primary components: selection bias, design, 




is reportedly easy to use, is not time consuming, and has comprehensive documentation 
available to assist with use [75]. 
Clinical Focus 
The most common clinical focus targeted by CDS systems in the review was 
pharmacotherapy, with 56.7% of studies focused on this area [12, 13, 15, 16, 19, 23, 25-
27, 29-33, 35-38, 41, 42, 46, 47, 50, 51, 54, 55, 59, 62-66, 69, 71]. The second most 
common area of clinical focus was venous thromboembolism prophylaxis, which 
accounted for 11.7% of studies in the review [20, 21, 24, 34, 43, 44, 53]. Examples of 
other clinical areas addressed included blood transfusion management [39, 40, 57], sepsis 
management [56, 61], and heparin-induced thrombocytopenia diagnosis [49, 58].  
The significant focus on pharmacotherapy within the included studies may reflect 
the importance of drug selection within computerized provider order entry (CPOE) 
systems, which are foundational to CDS in many inpatient settings. 51.7% [15, 16, 19, 21, 
23, 24, 26, 27, 29-34, 36, 39-41, 47, 49, 50, 53, 54, 57, 59, 62, 65, 68-71] of the studies 
overall involved CDS in the context of CPOE, and 61.8% [15, 16, 19, 23, 26, 27, 29-33, 
36, 41, 47, 50, 54, 59, 62, 65, 69, 71] of the pharmacotherapy studies involved CDS in 
this context. 
Cost-Effectiveness 
Only one of the 60 studies (1.7%) was considered to be a cost-effectiveness study 
[52]. This study evaluated the use of a well-known diagnostic decision support system, 
DXplain, with residents in a teaching hospital. The authors reported that access to 




license would have cost their organization $4,000-$6,000 per year [52]. It is telling that 
the only study to address cost effectiveness in this review concerned a simple license to a 
stand-alone, diagnostic CDS system. The majority of the studies in this review dealt with 
more comprehensive, integrated systems either purchased through vendors or developed 
locally. Under those circumstances, providing information about cost of development, 
implementation, or licensing fees is presumably more difficult. However, the near 
complete lack of this type of information is concerning given the need for such cost-
effectiveness information by public policy developers and decision makers within 
healthcare organizations.  
Direct Measurement of Cost 
Nine (15%) studies in the review directly measured costs [16, 23, 26, 27, 29, 37, 
39, 42, 52]. Seven of these studies focused on pharmacotherapy [16, 23, 26, 27, 29, 37, 
42], while the other two addressed management of blood transfusion [39] and general 
medical diagnosis [52]. These studies included one RCT [37], with the remainder of 
studies having a quasi-experimental design. Of these studies, four reported a statistically 
and clinically significant improvement in a cost measure [16, 37, 39, 52].  Except in one 
case as outlined, the cost involved in implementing these interventions was not studied. 
Because investments in CDS are like any other business investment, having only one side 





Use of Proxy Cost Measures 
85% of the studies in the review solely reported proxy measures as indicators of 
impact on cost [12-15, 17-22, 24, 25, 28, 30-36, 38, 40, 41, 43-51, 53-71]. The most 
commonly used type of proxy measure in this group was process measures that were 
associated with adverse events. Of the studies that solely used proxy measures, 60.8% 
reported this type of measure [13, 15, 17, 19, 21, 24, 25, 30, 32, 33, 35, 36, 41, 45-50, 54-
56, 58-60, 62-64, 66, 68, 71]. Examples of other proxy measures reported by these 
studies included rates of adverse events (reported by 21.6% of studies [12, 15, 34, 43, 51, 
53, 59, 65, 68, 69, 71]), length of stay (reported by 9.8% of studies [20, 44, 60, 61, 65]), 
and patient charges (reported by 5.9% of studies [14, 22, 28]). 
As noted, a strikingly small percentage of the studies directly measured an 
intervention’s impact on cost. Therefore, in the majority of cases, we were left to infer a 
possible cost savings from nonfinancial proxy measures. Doing so has some inherent 
limitations. For example, four studies reported patient charges as an outcome [14, 22, 28, 
52]. This is not a direct measure of cost, and it can be unclear as to how charges actually 
relate to cost [77]. We assumed that an institution’s costs were at least proportional to 
what it charged a patient. However, given that we did not know the actual relationship 
between costs and charges at any given institution, this assumption suffered from an 
element of uncertainty. 
Other limitations of using proxy measures for cost were apparent in our data. Two 
studies reported no differences in actual measured costs but reported decreases in length 
of stay [23, 27]. For this review, we considered length of stay a reasonable proxy measure 




actual decreased costs. The reverse of this situation was present in two studies, where 
directly measured costs decreased, but no difference in length of stay was detected [37, 
52]. It is notable that of the nine studies in the review that directly measured costs, four 
demonstrated discrepancies between explicit cost measures and available proxy cost 
measures. 
Another limitation of using proxy measures is related to adverse events. We 
considered measures of adverse events an appropriate proxy measure for cost given the 
potential for these events to necessitate the utilization of additional resources. We went a 
step further and included process measures correlated with adverse events as proxy 
measures as well. For example, one study in the review reported the rate of compliance 
with venous thromboembolism prophylaxis guidelines (a process measure correlated with 
an adverse event) [21]. Alternatively, another study reported the actual incidence of 
venous thromboembolism (a measure of an adverse event) [34]. For this review, we made 
the assumption that an improvement in a process measure associated with an adverse 
event would be associated with an improvement in the incidence of that adverse event. 
Decreased incidence of an adverse event, in turn, would be associated with cost savings. 
However, in one study, process measures correlated with an adverse event were 
significantly improved, but there was no improvement in the incidence of the actual 
adverse event [59]. More perplexingly, another study reported improvements in a process 
measure, no improvement in the correlated adverse event, and a significant improvement 




Improvement in Cost/Proxy Measures 
43 (71.7%) of the studies reported a statistically and clinically significant 
improvement in a cost or proxy measure [12, 13, 15, 16, 18, 19, 21, 24, 28, 30-40, 43, 45-
47, 51, 52, 54-60, 62-71]. However, when considered in the context of the lack of direct 
cost measurements, the limitations of proxy cost measures, and the prevalence of quasi-
experimental designs, it is difficult to know what level of confidence to place in that 
finding.  On the face of it, CDS does appear to be a promising intervention for reducing 
inpatient costs.  However, further research is clearly needed in order to more concretely 
characterize the benefits that have been achieved and that might be achieved in the future.
  
 
Figure 1, Study Selection Flow Chart
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Health IT, and CDS in particular, has been touted for many years as a highly 
promising strategy for improving clinical care and “bending the cost curve” [78, 79]. 
However, more recent analyses have found that health IT systems such as EHR systems 
are not having the anticipated benefits in cost reduction [80, 81].  This study adds to these 
concerns that the potential benefits of health IT and CDS are not well grounded in 
empirical evidence, with only nine studies directly measuring costs and only one actually 
measuring cost-effectiveness of CDS for inpatient cost reduction.  
As healthcare organizations continue to rapidly adopt health IT, leadership within 
those organizations must decide how to best use limited resources. Presumably, the 
potential cost savings associated with intervention candidates is a major factor in making 
those decisions. However, as a discipline, informatics does not appear to be meeting the 
needs of these healthcare decision makers with regard to CDS, as we have not been 
providing sufficient, rigorous data related to the cost benefits of CDS interventions in the 
inpatient setting.  Further research with specific attention to cost implications of CDS 




Detailed search strategy: 
1. exp Decision Support Systems, Clinical/ 
2. Decision Making, Computer-Assisted/ 
3. exp Reminder Systems/ 
4. exp Guideline Adherence/ 
5. exp Medical Informatics/ 
6. 4 and 5 
7. 1 or 2 or 3 or 6 
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